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(57) The present invention provides an optical infor- 
mation recording medium having exceUent characteris- 
tics in repettive recording and a suff ident C/N ratio The 
optical information recording medium includes a recoixJ- 
ing layer containing Ge. Te and Sb and a diffusion pre- 
venting layers In contact with the recoiding layer A 
composibpn ratio of Qe. Te and Sb in the recording layer 
has numerical values which lie within the range repre- 

?f !!! ^^^^ ^ P"^*^* diagram 
or Ge. Te and Sb. where the points A. B. C. D and E are 
as follows: 

(GeesCr (G«48.oSb26^Te26.o). E 

The diffusion layer contains at least one coopound 
seceded from an oxide, a nitride, a nitrogen oxide, a car- 
bide and a fluorida 
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Descripfion 

Ihich information can be recorded '"Jf 9« ^^^rStt^ SSZSSon JeS society. The imprave- 

Ly locally irrad-^tlng the recording -"aten^^^f j^s^^X 7^^^ whTch is aeied by a drfference in the 
adifference in the arigleof rotation onaplaneofpoteri^ ^^^^ ^ of 

5 imanetized stale, is utilized for recording. Furthermore, tor the P'^^^^^^'TL. ^ g specific wa/elength is 
SSnghtinthe crystal«ne state differed from that in^e^ 
used is utilized for recording. The phase^rfiangeaUe '^^"^^a^"'; 
IJ^on and overwiting information can be simuftaneousty performed by adjustng the ouip p 

that it is possible to rewrite infbmiation signals at ^ I'JSj^^^^^ ^ information recoiding media. A resin 

;SirMS^?Xr103.^edo,amat.i..at^^^^^^ 
LngUetweenlhedifferent States rev«^y^nt^^^ 
25 nide such as a material containing Te and Se as * ""J^^Ji^ byer in such a manner that the recoiling 
[0006] Protecting layers 102. 104 and 106 serve ^ P^t^ ^^^^F^S^^^^ 

layer Lerialispreventedfrombeir^oxi^z^^r^^^^ portion and a 

lXrEi:^.2^emateH.^r.ep.^^^^^^ 

ItS as SiOa. TaPs or f^0„ a nitride sudi as ^^^'^^^"^^^1^, used, because the layer 
35 oride or theW. or suitable combinations thereof^E^ecal^^&C^^^^ 

40 itive recording of information are "i]Pfwed. ^ o4 for the purpose of radiating heat and allowing 

::,^^rS;ro.amet^su?hasMMaorthe.^^^^ 

fooiOl in general, an o^^^^^^-l^^y*^^^ tiie medium, although 

45 recording information medium » not oodized and f ^.^JtT,"^ an ultiBviolets-curing resin. 

those are not shown in F,^ 5 and 6. ^^^^^^^f^JJ^Sd ^^1,^^ investigated extensively, because 
[00111 AS a material for tiie reoordmg layer. ^^^^^"^^^^^ recoiling of information. 
i,e material is excellent in weattier resistance ^^^^^^^^^^T^■e^ discloses a material for 
[00121 For --P'Vr"L'"r"(O^S^ ■^^^t^^^^^^^^'^'^.'^' 

involJ^aphasechangel^eenan^rpho^^ 
55 [00131 Japanese ladOpen Patent PiW^^^^ 

^^.r^lJ^^'^'atr^S^^^^^ 

n?S!nt% reSty of the change and a repetitive recorcfing of .nfom«t.on. 
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(00141 Japanese Laid-Open Patent PuWicalion fTokkai-Sho) No. 62-196181 discloses a rewritable medium including 
e n ^ ^ft,™*®!^ '• ^ '^"""3 composed of 062386451631 or the like, and has a protecting layer of 
S1O2. AIN or the like on the recording layer. The reflectance of the recoreJing layer can vary reversibly by changing the 
power level of a semiconductor laser beam having a wavelength of 830nm. However, this investigation takes no account 
5 of a repetibve recording of information and a preferable composition of the recording layer for irradiation of laser beams 
having a short wavelength of 680 nm or less. 

[0015] The difference in an optical constant of a recording layer composed of a Ge-Sb-Te-based material between an 
amorphous state and a aystalline state becomes narrower as the wavelength of the laser beams shortens for high-den- 
sity recording. The narrower difference in optical characteristics such as reflectance makes the degree of signal chanae 
10 smaller, which restricts the density of recoiding. » *r » 

[001 6] ConvenBonally. a material having a composition ratio obtainable by adding some Sb to a stoichiometric com- 
posijon ratio of GegSbgTes. or ones that are dose to the conposition ratio, has been used for a Ge-Sb-Te-based mate- 
nai. It is believed that excellent characteristics in repetitive recording can be obtained, only because such a conposltion 
ratio IS used for the recording layer. On the other hand, a oompositton ratto in the near sMe to GeTe on the GeTe-Sb^Te, 
15 line can enlarge the difference in an optical constant between the two statea However, such a composition ratio is nS 
suitablefor a rewntable medium, because the characteristics in repetitive recording of information deteriorate. The com- 
p^rton rabo far from the stoichiometric ratio is generally believed to cause the delerioratkm in repetitive recoiding 
^* Therefore, with the foregoing in mind, it is the object of the present invention at least in its preferred embodi- 
ments to provide an optical infonnation recording medium having sufficient difference in an optical constant with short- 
so wave light beams and sufficiently excellent characteristics in repetitive recording so as to record and reproduce optical 
informaton effectively at a high density, and to provide a method for producing such an optical information recording 
medium and a method for recording and reprodudng optical infomiation with such an optical information recording 

[00181 An optical information recording medium of the present invention includes a recording layer having reversibly 
changeableoptical characteristics. TherecordingbyercontainsatleastthreeelementsofGe. TeandSb andthecom- 
posrtion ratio of Ge. Te and Sb in the recoiding layer preferably has numerical values that lie within the range repre- 
sented by the area ABODE in a temary phase diagram of Ge. Te and Sb. where the points A, B. C. D and E are as 
follows: 

,0 rnmo/ $?®«''^?5o). B (Gega.sSbga.oTess.s). C (Gei7.oSb4,.5Te4i.5). D (0643 oSbasoTeas 0). E (GeegTeas). 

30 [001 9] The optical information recording medium also includes a diffusion preventing layer in contact with the record- 
irig layer. The diffusion preventing layer preferably contains at least one compound selected from a oxide, a nitride a 
nitrogen oxide, a caibide and a fluoride. . m c « 

[00201 This makes it possible to provide a medium having a large difference in optical characteristics between an 
amorphous portion and a crystalline portion and excellent characteristics in repetitive recording 

^ infomnation recording medium, tiie composition ratio of the recording medium is not close to the 

stoichiometnc ones of GegSbaTes but included in the above area. The combination of the recoiding medium with the 
diffusion preventing layer having the above ingredient makes a difference in optical characteristics large and character- 
1^ in repetitive recording excellent. Thus, the present invention provides an optical information recording medium 
wrth the recording layer having a different composKton ratio from ones that has been believed to be preferable and the 

40 diffusion preventing layer having a material that cannot easily diffuse into other layers. 

[00221 According to another preferred aspect of ttie present invention, a method for producing an optical information 
recording medium includes a step of fomiing a recording layer having reversibly changeable optical characteristics by 
sputtering with a target containing at least ttiree elements of Ge. Te and Sb. A composition ratio of Ge. Te and Sb in ttie 
target has numerical values that fie within the range represented by tiie area ABODE in a ternary phase diagram of Ge 

45 Te and Sb. Where tile points A, B. CD and E are as described above. 

[00231 The mettiod also includes a step of fanning a diffusion preventing layer in contact with the recording layer The 
diffosion preventing layer is formed so as to contain at least one compound selected from the group consisting of a 
oxide, a nitride, a niti^ogen oxide, a carbide and a fluoride. 

(0W41 This makes it possible to produce effectively a medium which has a large difference in optical characferisti'cs 
so betiween an amorphous portion and a crystalline portion and excellent characteristics in repetitive recoiding 

[00251 According to another preferred aspect of ttie present invention, a method for recording and reproducing optica! 

information utilizes an optical information recording medium including a recoitfing layer having reversibly changeable 

optical charadenshcs, and a diffusion preventing layer in contact with ttie recording layer. The recording layer contains 

at east three elements of Ge. Te and Sb, and a composition ratio of Ge, Te and Sb in ttie recoiding layer has numerical 
55 values which he wittiin the range represented by ttie area ABODE in a ternary phase diagram of Ge, Te and Sb, where 

the pointe A. B. 0. D and E are as described above. The diffusfon preventing layer contains at least one compound 

selected from an oxide, a nitride, a nitrogen oxide, a carbide and a fluoride. 

[00261 The mettiod utilizes laser beams focused on a microspot on the optical information recoiding medium to record 
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theopticalinformaUonisreproducedwiththelaserbearredathiidpcjwerl^^^^ 

mnoT^ Thefhsf t»wer level Pi is an amorphous state formation level which allows a porton in the recording teyer to 

does not influence the optical state of the recording layer and provides a sufficient reHectance so as to reproauce 
22Sl H Dossible to record reproduce and rewrite optical inlbrmation effectively at a high density by utl- 

nhous porton and a crystalline porton. and excellent characteristics in repetrtive ^econing^ in art uoon 

SS These and oJier advantages of the present Invention will become apparent to those skilled in the art upon 
; KaS^e^ngthefc-kS^fldetaB^descriptlon^ 

Fig 1 is a cross-sectional view illustrating an exerplary structure of a layer of an optical infomiation recording 

Sr2Sftrr:rpSsrC:;.ofGe.TeandSb^n^ 
> the oDtical information recorcOng medium 0^ the preserti^ ^w. «r«,£»nt 

?.^1tat2maryphasediagraS.of(GeX).OandNshowingapreferableco^ 
inalaver in the opfical information recording medium of the present invention. 

RMirrv!e!lStingane.enplaryfilm-for^^^ 

SnTsr^^ectional via* illustrating an exemplary conventional optical infomiation recoiling mediunt 
rS: I Is I IZl^ illustmtini another exen^ary conventional optical information reconiing medium. 

[00301 Hereinafter, the present invention wBI be described by way of examples wHh reference to the accompanying 
JS^I^Rn 1 sho«vs an exemolawstmcturedalayerof an opiicalinformation record 

nStiSiS^Sii^ofapartectiJ^^^ 

5S^tSs^pr^eS^-7:8areformedforthepurposed^^^^ 

can be formed only on either one of the surfaces of the recording layer. ^^^ww ♦« wm 

^7n5ie diffusion preventing layer is fomied on only one surface of the recording layer it is P^efeiaM^to ftxm 
EJSuJon wel^nS has a larger load of heat at the recording layer interface, namely, on the 

^ Set^ffSCe^^^^aTff^erecordlnglayerU^^^^ 

eSyTe side theTser beams strike. The effect of the dfffu^on preventing layer in preventng atoms from diffusing s 
nntpworihv when the Drotecting layer (X)ntains sulfur or a sulfide^ u«^^K«r 

Sres F(xexample in the structure as shown in Fig. 1 . another protective layer can be formed between the d Ju^ 
« Si^r^eS^TJ a^S Z reflection layer 5 as a second protecting layen the protedjr^ j^^^ can be^tt^ 
Sa^teriaLedforthediffusionpreventinglayerTianadditio^^^^ 

^protecting layer 2; the reflection layer 5 can be eliminated: and the refleotwn layer 5 can be composed of two or 
SS^^'L substrate 1 is preferably fomied of a resin such as polycarbonate or PMMA. or glass and preferably 

" IS^r'Th'TpS^ayTrlteE^^^ 

Ee ISHdS^ *e optical characteriSS of the medoim or the like. The protective layer 2 « pref^V 
JaddSrfc Si K a suSwe such as ZnS. an oxide such as SiOg. TaA or AI2O3. a nrtnde such as Ge3N4 

lS£^"^e^ectfon layer 5 is preferably formed of a metal such as Au. Al. Cr. Ni or the like, or an a«oy of metals 
iS't^S^Cb^raf^'-dofapha^^ 
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the main component A composition ratio of Ge. Te and Sb in the recording layer has numerical values which lie witWn 
the range represented by the area ABODE as shown in Fig.2, a ternary phase diagram of Ge, Te and Sb. where the 
points A. 6, C. D and E are as follows: 

A (GesoTeso). B (Ge22.5Sb22.oTe55.5), C (Gei7.oSb4i.5Te4,.5). D (Qe4s.oSb26.oTe26.o). E (GeggTeas), 

5 [00391 When more Ge than that in the above range is present, the material does not easily crystallize because of 
increasing crystallization temperature, which makes an effective rewrite difficult When more Sb than that in the above 
range is present, the material does not easily turn into the aystalline state because of higher stability of an amorphous 
state. When less Ge than that in the above range is present, the material cannot keep the difference between an amor- 
phous state and a crystalline state sufficiently large. 

10 [0040] A conposition ratio of the elements preferably has numerical values that lie within the range represented by 
the area ABFE as shown in Rg.2, where additional point F Is represented by F (0618.0*37.6^644.4). 
[00411 The recording layer 3 may include inpurities such as a sputtering gas conponent (Ar. Kr, or the like). H, C, 
H2O or the like. The recording layer can Include mina components (around 10 atom % or less) other than Qe, Sb and 
Te for various purposes. However, it does not matter even if such a component is included, as long as the object of the 

15 present invention can be achieved. 

[0042] The thickness of the recording layer 3 is preferably in the range from 5 nm to 25 nm. When the thickness is 
less than 5 nm. the recording material is hardly formed into a layer. When the thickness is more than 25 nm. heat trans- 
fer becomes large in the recording layer, so that cross eraslon is likely to occur in adjacent portions during high<f ensity 
recording. 

20 [0043] The diffusion preventing layers 7. 8 preferably contain at least one compound selected from the group of an 
oxWe, a nitride, a nitrogen oxide, a carbide and a fluoride as the main component, and more preferably composed of a 
material free from sulfur or a sulfide. For example, an oxide of S, AI, Cr or Ta, a nitride of Ge, Cr, Si. Al, Nb, Mo, Fe. Ti 
or Zr, a nitrogen oxide of Ge, Cr, Si, Al. Nb or Mo. a carbide of Cr, Si. Al, Ti, Ta or Zr, or combinations thereof can be 
used for the layers. When the diffusion preventing layers 7. 8 include such a material as the main component, the layers 

25 7, 8 may iridude impurities of around 1 0 atom % or less. 

[0044] In any case, as a material for the diffusion preventing layer, a material not tending to diffuse between the 
recording layer, or a material not affecting the change in optical characteristics if it diffuses into the recording layer, is 
preferable. A material excellent in adhesive characteristics to the recording layer is also preferable. 
[0045] Thus, as a material for the diffusion preventing layer, a material containing GeN, GeON, GeXN or GeXON as 

30 the main component is more preferable, where X represents at least one element selected from the elements belonging 
to Groups Ilia. IVa, Va. Via. Vila, VIII, lb and lib. and C in a periodic table according to lUPAC rules of nomenclature. A 
Ge-containing layer including such a material can improve the characteristics in repetitive recording. 
[0046] The element of X is added mainly for tine purpose of improving the weattier resistance. X is preferably at least 
one element selected from Ti, V. Cr. Mn, Cu. Zn, Zr, Nb, Mo, Pd, Ag. Cd. Hf. Ta. W, Fe, Co. Ni. Y. U and Au. more pref- 

35 eraWy at least one element selected from the group consisting of Cr, Mo, Mn. Ti. Zr. Nb, Ta, Fe. Co, Ni, Y and La. and 
further more preferably at least one element selected from ttie group consisting of Cr, Mo. Mn. Ni. Co and La 
[0047] The reason why the addition of X improves ttie durability of the recording medium is believed to be that the 
added X suppresses the Introduction of moisture into the diffusion preventing layer, alttiough this is not firmly confirmed. 
A possible mechanism Is as follows. In a GeN or GeON layer, Ge-N bonds change to Ge-O or Ge-OH bonds under the 

40 conditions of high temperature and high humidity and are ready to corrode. When X that is oxidized relatively easily is 
added to ttie layer, tiie phenomenon of oxidation or hydration of Ge Is suppressed. It is also possible that the production 
of dangling borate of Ge present In a GeN or GeON layer Is suppressed by the «Jdrtlon of X, and thus the formation of 
Ge-OH bonds Is suppressed. It is believed that tills is tiie reason why preferable exanples of X are Cr. Mo, Mn, Ti, Zr. 
Nb, Ta, Fe, Co. NI, Y and La (furtfier more preferably Cr, Mo. Mn. Ni, Co and La). 

45 [0048] The diffusion preventing layer is preferably represetnted by (Ge^.^X^aOfoNc (x Is at least one element as 
described above. 0^x<1,0<a<1.0^b<1,0<c<1.a + b + c = 1).and tiie composition ratio of (GeX), O and N 
in the diffusion preventing layers 7 and 8 preferably has numerical values that lie within the range represented by ttie 
area GHU in the ternary phase diagram of (GeX). 0 and N as shown in Rg.3. where tiie points G. H, I and J are as 
follows: 

so G ((GeX)9o.oNio.o). H {(GeX)35.oN65.o). I ((C3eX)3i, 1055,1 N13.8). J ((GeX)83,40i3.3N3.3), 

and more preferably tiie area KHIL in the ternary phase diagram of Fig. 3, vifhere additional points K and L are as fol- 
lows: 

K ((GeX)65.oN35.o). L ((GeX)53.9036.9N9.2o). 
where (GeX) represents tfie total amount of Ge and X. 
55 [0049] Accading to ttie composition ratio in the above range as descrODed above, excess atoms, tiiat is, an oxygen 
or nitrogen atom that does not bond to a Ge or X atom, or a Ge or X atom that does not bond to an oxygen or nifrogen 
atom, can be reduced. Such excess atoms may diffuse into ttie recording layer to prevent a change in optical charac- 
teristics. 
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roosol ThefireldiffusionpreventinglayerTissusceptibletoheatloadduringr^^ 

S tfSCfe p^rXSn'the range reprSnted by the area KHIL (in order words, a ^ 
S:nin7eX.nityofGe3Nl-GeOa.inein«,ete^^ 

nrise excess N or O in the coircosition ratio of the second diffusion prwenbng layer 8 in view otme aanesiven^wiin 



fcS^'TTuiS. in the case where thefii^diffusionpr^^^^ 
has a conpo^on represented by (Ge,.„XJ,0,Ne (a > 0. b ^ 0. c > 0 0 < j;" <^;^^y ° " Nrfd ^ 

te ii^^Tn c^t^e sSf^eTo^er to impLe adhesiveness between the sU^te and d«i^" 

velTfaJ^^rXUle to form the dHfu^on preventing layer of a nBtertel ccmpri^ng oxygen or to increase the 

contert of oxygen at the interface between the diffusion preventing layer and the subsjate. 

^ In^er to reduce excess atoms, ihe diffusion preventing layers 7. 8 preferably have (G^^^^^"^"^ 

SS^tiotSatXis50aton,%orless0.e..0<k.0.5inGe,^X^.When*e^^ 

Sntent of GeK the subslanceXfloodslnto the recording layer afterrepeatedrecoiding^ 

r^ng layer can be obtained. The intensity of the laser beams can be suitably set depending on the laser power 

S "NrillCr^SS^'eX i^^^ recc^tng medi^ . the P-^J-nJon ^ 
5S«i TmuWIa^r structure fomting the optical information reooKing medium can be produced by sputtenng. a 

used Rg 4 Is a schematic view showing an exemplary apparatus fommng f flm f^ sputtenng. 

S^l A «i3 pump (not shown) is connected to a vacuui, container 9 through an aroutlet 15 «• *at aj"^ 

Eofva^rS^nWnkintained in the vacuum w^^^ 

o^ftleS^blTupplied from a gas supply inlet U 

fhtsuT^^O E^aCSngt^rgetlTfec^^ 

hiingadiameter of about 10cm andathiclciess of aboutemm. The calhode13isca^^ 

S or n^h frequency power source (not shovn) through a swftch. Furthermore, the vacuum container 9 b 
arounded so that the vacuum container 9 and the substrate 10 are utilized as anodes. ratio 
?iS /Jatarget for forming the recordinglayera. tor example.aGeTeSb^^ 
of^e target preferably has numerical values that ne within the range represents 

Sme process for producing the optical infom«tion recording medium performed by using such an apparatus. 

; adiffiionpreventinglayerisformedbeforeand/orafteraprocessforformingarecoidingl^^^^ ^^^nh^ 
?mS^ vKtTthe diffusfon preventing layers 7. 8 are formed by reacdve sputtering, a film w*h good 
SSLrf » fenreferaWe to use an alley of Ge and X or a mixture of Ge and X. Moreover, nitrogen can be included n 
^^^^r^l *e ^se wJeVe GeCrN is formed as a diffusion presenting layer, a GeCr target or a GeCr 
SrgSTilS prS N can be used. Furthemnxe. it is preferable fo use a mixed gas of rare gas and n*og 

, IlTfllfoS^gas (sputtering gas). A mixed gas of rare gas and gas containing nitrogen atoms such as NgO 

NO.^oC^ni?xtu^tS;SfcanSi^ 

^.m'orafilavingalargestres^^ 

hAnhfained The total oressure of the film-fomiing gas IS preferably 1.0 mTon^ or more. 

SS FSTe^ore >^erf *e^usion presenting layers 7. 8 containing nitrogen are formed by rea^e sputtenng. 

5 tSfrSrtialSSrSnT^^^^ 

inSiS^XWtial^essurematesittf^^^^^ 
^.^rCefSewerlimrtdthepartial pressure is in the r^^^ 

about 60%. 
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[0061] When the diffusion layer is fornied in contact with the substrate, a portion closer to the substrate of the layer 
is preferably formed in a film-forming gas including oxygen. 

[0062] Next, a method for recording and/or reproducing optical information, and/or erasing the information in the thus 
obtained optical information recording medium of the present invention will be described. 

5 [0063] For recording, reproducing and erasing signals, a semiconductor laser light source, an optical head including 
an object lens, a driving apparatus for guiding laser beams to a predetermined position for irradiation, a tracking control 
apparatus and a focusing control apparatus for controlling a position orthogonal to a track direction and a surface of a 
film, a laser driving apparatus for adjusBng laser power, and a rotation control apparatus for rotating the optical informa- 
tion recordinig medium are used. 

10 [0064] For recording and eraang signals, laser beams are focused on a microspot by the optical system, and the 
medium rotated by the rotation control apparatus is in^adlated with the laser beams. Hertin, a power level for the forma- 
tion of an amorphous state that allows a portion in the recording layer to reversibly change to an amorphous state by 
irradiation of laser beams Is represented by . A power level for the formation of a crystaDine state that allows a portion 
in the recording layer to reversibly change to a crystalline state by irradiation of laser beams is represented by P2. Ruc- 

15 tualing the power of the irradiated laser beams between and P2 generates a pulse to form or erase recorded marks. 
Thus, recording, erasing or ovenwrlting optical information can be performed selectively What is called a multiple pulse 
composed of pulse trains including a peak power level of Pi Is preferably utilized, although types of pulse other than the 
multiple pulse can be used. 

[0065] On the other hand, signals from the recording medium oUanned by irradiating the medium with laser beams 
20 having a power level P3 are read by a detector so as to reproduce the information signals from the recoixJed marks. 
Herein, P3 is a reproduction power level lower than the power levels P^ and P2, and the irradiation of laser beams hav- 
ing P3 does not influence the optical state of the recorded marks and provkies a sufffcient reflectance so as to repro- 
duce the recorded marks from the medium. 

[0066] Examples of the conditions are as follows: the wavelength of the laser beams is 650 nm; the numerical aper- 
25 ture of the used object lens is 0.60; the signal system is an eight-sixteen modulation system; the minimum bit length is 
0.28 iim/bit; the scanning speed of the laser beams in the track direction (linear velocity) is 12 m/s; the track pitch is 
1 .20 nm, i.e.. a groove and a land (a portion between grooves) are alternately formed at every 0.60 pm on a substrate. 
However, a substrate may Include grooves and lands formed at a different wklth ratio. 

[0067] In the method for using the optical Information recording medium, the conditions are not limited to those 

30 desafoed above. The recording medium of the present invention can utilize laser beams fiaving a wavelength of 680 
nm or less for controlling optical Information. The medium also can have the minimum bit length of 0.40 ^m/bit or less 
and/or the track pitch of 1 .40 ^m or less to record the information at a higher density. Herein, the minimum brt length is 
measured in the direction along the groove, while the track pitch is an average of the total width of a pair of a groove 
and a land in the direction normal to the groove on the whole surfoce of the medium. Furthermore, the medium can 

35 meet the linear velocity of 8 m/s or more. 

[0068] Thus, in the method for using the medium, the wavelength of the laser beams is preferably 680 nm or less, 
because the spot size of the laser beams is proportional to the wavelength. A larger spot is disadvantageous to high- 
density recording. The media of the present invention can realize the minimum bit length of 0.40 jmVbit or less to make 
the capacity of the medium larger. 

40 [0069] The linear velocity is preferably 8 m/s or more, because the medium of the present invention can realize high- 
density recording and has a larger file. Such a larger file such as an image or picture Information may require a high 
transffenred rate. However, the linear velocity may be 8 m/s or less, so tong as such a higher transfenred rate is not nec- 
essary For example, in the case that recording and reproducing are performed with further higher density, for example, 
by using laser beams having blue wavelengths, a relatively low linear velocity can provide a sufficiently high transferred 

45 rate. 

[0070] Furthermore, it is preferable to perform what is called "land & groove recording" where recording, reproducing 
and erasing information signals are performed in both the groove portion and the land portion in a guiding groove, 
because this allows a medium to have a large capacity In this case, it is necessary to form a suitable depth and shape 
of the guiding groove and a structure having a suitable reflectance of the medium so that cross-talk or cross-erase can 
so be suppressed. As described above, in the case of land & groove recording, the medium preferably has an average of 
the track pitch of 1 .40 pm or less. 

Examples 

55 [0071 ] The optical information recording medium having the same structure as shown in Fig, 1 was produced by sput- 
tering as described above with an apparatus as shown in Fig.4. A disk-shaped polycarbonate resin having a thickness 
of 0.6 mm and a diameter of 120 mm was used for a substrate 1 . A material comprising ZriS and 20 mol% of SlOg was 
used for a protective layer 2. A phase-changeable material comprising Ge-Sb-Te alloy having a composition ratio of 
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G^Sb,,Tee,wasusedtaa«oortln9-la,e,3.A™tenalo.G.Crt<«Bi«dte^ 
reieelB»«reneaiix.la»er5.Au«asused.mmedlw«asrefeiredBa^ _^w»,..no™»n=- 

Forcc„pa,«,n.so«med«««rep.oduc«.k.me«n«nw^ ^ 

QeaiSbjsTes* in the recording layer. 

5 ri^« menfonriinglieprotective layerand the recording layer, a n^xed 9f 

Sied at a constant fkw rate and a total pressure of 1 .0 mTonr and O.SrnTotr. respedn^ely. and DC pavers of 27 
War? and RF powers of 5.10 W/cm^. respectively, were ^^li^to tattod^. and a DC power 

» allows sputtering. ^. i , ^^oH «ff mc^CM a iaraet of GeCr was used. In the target the 

rooTSl When forming the diffusion preventing layer composed of GecrN, a targei oi v:ievr wa*, u j;*^-^-.n 

30 results were as follows: An, -nc^ -na, -0.5. Ak, -kc, -Ka, -z.3. ^n^ ncj nsj 
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;S^'nT3edenotedby"A^the average increment was3%o^ 
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Tahkl 



Sample 
No. 


Composition 
of Recording 
Layer 


Di&ision 
Preventing Layer 


C/N 
Ratio 


Repetitive 
Recording 


1" Layer 1 a'^ayer 


1 


GemSb,rTe<3 


GeCrN I GeCrN 


A 


A 


2 


Ge.,Sb^sTe.i4 


GeCrN i GeCrN 


C 


A 


3 


GcioSbi^Tess 


NoLayer i NoLayer 


A 


C 


4 


Ge<>iSb>>sTe!u 


NoLayer NoLayer 


C 


C 



15 

[0085] As shown in Table 1» the composition ratio rich in GeTe in Samples 1 and 3 can enhance the C/N ratio in the 
recorded mark, while the diffusion preventing layer containing germanium can improve the characteristics in repetitive 
recording. 

20 [0086] Furthermore, Samples 5 to 10 were produced under the same conditions as Sample 1 . These Samples had 
the same construction as Sample 1 , and each layer was composed of the same material as Sample 1 , except that the 
recording layers of Samples 5 tolO had different composition ratios of Ge27Sb2oTe53, GQ35Sbi3Te52. Ge4oSb9Te5i, 
Ge27Sb25TG4s, G635Sb2oTe45 and Ge3oSb3oTe4o, respectively, and tine reflection layers were composed of AlCr. In 
Samples 5 to 1 0, tiie thickness of the recording layer was 1 2 nm, and the thickness of the first diffusion preventing layer 

25 was 20 nm, and the thickness of the reflection layer was 30 nm. The thicknesses of the second preventing layer and the 
protecting layer were adjusted so as to reduce the phase difference between tiie grooves and ttie lands while keeping 
the reflectance difference between an amorphous portion and a crystalline portion sufficientiy large. 
[0087] Samples 1 1 to 14 also were produced under the same conditions as Sample 1 . These Samples also had the 
same construction as Sample 1 , and each layer was conrposed of the same material as Sample 1, except the first dif- 

30 fusion preventing layer and the second diffusion preventing layer. In Sample 1 1 , tiie first diffusion preventing layer was 
composed of GeN and the second diffusion preventing layer was composed of ZrC. In Sample 1 2, the first diffusion pre- 
venting layer was composed of GeNiN and the second diffusion preventing layer was composed of CrC. In Sample 13, 
the first diffusion preventing layer and the second diffusion preventing layer were composed of Si02. In Sample 1 4, the 
first diffusion preventing layer and the second diffusion preventing layer were composed of Cr203. 

35 [0088] Samples 15 and 16 were produced under the same conditions as Sample 1 . These Samples basically have 
the same construction as Sample 1 , and each layer was composed of the same material as Sample 1 , but some layers 
had different thicknesses. The different points from Sam^^e 1 are as follows: In Sample 15. an Au layer at a thickness 
of lOnm was additionally formed between the substrate and the protecting layer, and the thicknesses of the protecting 
layer and the second diffusion preventing layer were 77 nm and 50 nm, respectively. In Sample 16, the thicknesses of 

40 the recading layer, tiie protecting layer the second diffusion preventing layer and the reflection layer were 12 nm, 40 
nm, 77 nm and 40 nm, respectively. 

[0089] Table 2 shows the results of the evaluation of these recording media 
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Sample 
No. 


Composition 
of Recording 


Dif^sion 
Preventing Layer 


C/N 1 
Ratio 


Repetitive 
Recording 




Layer 


1« Layer 


2'^Layer 










GeCrN 


GeCrN 


A 


A 


U 

a 
O 




GeCrN 


GeCrN 


A 


A 


7 
1 




GeCrN 


GeCrN 


A 


A 


Q 
O 




GeCrN 


GeCrN 


A 


A 


Q 




GeCrN 


GeCrN 


A 


A 


in 




GeCrN 


GeCrN 


B 


B 


XX 




GeN 


ZrC 


A 


B 


X^ 




GeNiiN 




A 


B 


Xu 


Op Sb.-Te., 


SiO, 


SiO, 


A 


A 


14 


Ge^biTTe.sa 


Cr,0, 


CroO, 


A 


A 


15 


Ge^pSbi-Tesa 


GeCrN 


GeCrN 


A 


A 

A 


16 


GeJSbiTTfeiia 


GeCrN 


GeCrN 


A 


A 



Un,»nsatk«efl«»lo»npr(>Measin90toartGKtios.Th^^^ 

LhoysptrtonandaoyaaaineportkmlslataetttenlMinl^^ Sanple17a]sol«l«»same 
SkB31 Fu*em«&Sannpte17wasp«xlu«dundeHte«^ 
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Claims 

1. An opIicaJ information recording medium 

a -«=««n9 layer .e«rsW changeaue o^cal ..^ 
r^r:^^':^-^ 1* ««. Sb in «« rec^arg laye, has 
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range represented by the area ABODE in a ternary phase diagram of Ge, Te and Sb, where the points A, B. C, 
D and E are as follows: 

A (GesoTeso). B (Geaa.sSbaa.oTess.s). C (0617.08641.51841.5). D (Ge48.oSb26.oTe26.o). E (Ge65Te35); 

and 

5 a diffusion preventing layer in contact with the recording layer, 

wherein the diffusion preventing layer contains at least one compound selected from the group consisting of an 
oxide, a nitride, a nitrogen oxide, a carbide and a fluoride. 

2. The optical information recording medium as claimed in claim 1 , wherein the recording layer has a thickness in the 
10 range from 5 nm to 25 nm. 

3. The optical information recording medium as claimed in daims 1 or 2, further comprising a protecting layer, wherein 
the protecting layer is in contact with the diffusion preventing layer. 

IS 4. The optical information recording medium as claimed in any one of claims 1 thorough 3. wherein the diffusion pre- 
venting layer has a thickness of 1 nm or more. 

5. The optical information recording mediurii as claimed in any one of claims 1 thorough 4, wherein the diffusion pre- 
venting layer is a Ge-contalning layer. 

20 

6. The optical information recording medium as claimed in claim 5, wherein the Ge-containing layer contains at least 
one compound selected from the group consisting of GeN, GeON. GeXN. and GeXON as the main component, 
where X is at least one element selected from the group consisting of elements belonging to Groups Ilia. IVa. Va. 
Via, Vila. VIII, lb and lib of the periodic table and C. 

25 

7. The optical information recording mecEum as claimed in claim 6, wherein the Ge-containing layer is represented by 
(Gei.xX^aObNc(0^ x< 1,0<a <1, 0 ^b< 1,0<c< 1, a-i-b + c= 1 ). and a composition ratio of (GeX), O and 
N in the Ge-containing layer has numerical values which lie within the range represented by the area GHU in a ter- 
nary phase diagram of (GeX). O and N. where the points G.H. I and J are as follows: 

30 G ((GeX)9o.oNio.o). H ((GeX)83.40i3.3N3.3). I ((GeX)35.oN65.o). ^ ((GeX)3i.i055.iNi3.8). 

8. The optical information recording medium as claimed in claims 6 or 7, wherein a composition ratio of Ge and X in 
the Ge-conitaining layer is represented by Geili^Xi^ (0 < k ^ 0.5). 

35 9. The optical information recording medium as claimed in claims 6 through 8, wherein X is at least one element 
selected from tiie group consisting of Tl, V. Cr. Mn. Cu. Zn, Zr. Nb, Mo, Pd, Ag, Cd, Hf, Ta. W, Fe, Go, Ni, Y, La and 
Au. 

10. The optical information recording medium as claimed in claim 9. wherein X is at least one element selected from 
40 the group consisting of Cr, Mo, Mn, Co, Ni, and l^. 

11. The optical information recording medium as claimed in claims 1 through 10, wherein the recording medium is 
reversibly phase^^hangeable between a crystalline state and an amorphous state, and a reflectance of the crystal- 
line state is lower than the reflectance of the amorphous state. 

45 

12. A metiiod for producing an optical information recording medium conrprising the steps of: 

forming a recording layer having reversibly changeable optical characteristics by sputtering with a target con- 
taining at least three elements of Ge. Te and Sb, 
so wherein a composition ratio of Ge. Te and Sb in the target has numerical values which lie within the range rep- 

resented by the area ABODE in a ternary phase diagram of Ge, Te and Sb, where tiie points A, B, C, D and E 

are as follows: 

A (GesoTeso). B (Ge22.5Sb22.oTes5.5). C (Gei7,oSb4i.5Te4i.^, D (Ge48.oSb26.oTe26.o). E (GeesTegs) ; 

and 

55 forming a diffusion preventing layer in contact with the recording layer, 

wherein the diffusion preventing layer is formed so as to contain at least one compound selected from the 
group consisting of an oxide, a nitride, a nitrogen oxide, a carbide and a fluoride. 
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1 3. The method for producing an optical information recording medium as claimed in claim 12. wherein the recording 
medium is formed in a mixed gas including a rare gas and nitrogen. 

14. A method for recording and reproducing optical Information with an optical information recording medium and laser 
beams, 

the optical infonnation recording medium conprising a recording layer, the recording layer having reversibly 
changeable optical characteristics and contairing at least three elements of Ge. Te and Sb. 
wherein a composition ratio of Ge, Te and Sb In the recording layer having numerical values which lie withm 
the range represented by the area ABODE in a ternary phase diagram of Ge. Te and Sb, where the poirits A, 
B, CD and E are as follows: » -r x 

A (GesoTeso), B (Ge225Sb22.oTe55.5). C (Gei7^Sb4,.5Te4i.5). D (Ge48.oSb26.oTe26.o). E (QeesTea^ 
the optical information recording medium compriting a diffusion prewendng layer In contact with the recording 

wherein the diffusion layer contains at least one compound selected from the groip consisting of a <»dde, a 
nitride, a nitrogen oxide, a cart^ide and a fluoride; and 

the laser beams are focused on a microspot on the optical information recording medium, 
wherein a power level of the laser beams is fluctuated between a f irst power level Pi and a second power level 
P2 to change the optical information in the recording layer, and the change of the optical information is selected 
from the group consisting of recording, eraang and overwriting, 

wherein the optical information is reproduced witii the laser beams of a ttiird power level P3, 
where the first power level Pi is an amorphous state formation level which allows a portion in the r«:ording 
layer to reversiWy change to an amorphous state by inradiation ol the laser beams, the second power levd P2 
is a crystalline state formation level which allows a portion in tiie recording layer to reversiWy change to a crys- 
talline state by irradiation of ttie laser beams, and ttie ttiird power level P3 is a reproduction level which is lower 
than ttie power levels Pi and P2, and does not influence ttie optical state of ttie recording l^er and provides a 
sufficient reflectance so as to reproduce the optical information. 

15. The mettiod for recording and reproducing optical information as claimed in daim 14. wherein the laser beams 
have a wavelengtti of 680 nm or less. 

16. The mettiod for recoiding and reproducing optical information as claimed in daims U or 15. wherein ttie laser 
t>eams have a linear velocity of 8 m/s or more. 

17 The mettKXl for recording and reprodudng optical information as daimed in daims 14 ttirough 16. wherein ttie opli- 
' cat recording medium has a guide groove for ttie laser beams and ttie mininrwm bit lengtti in ttie direction along ttie 

guide groove is 0.40 ^m/bit or less. 

18 The mettiod for recording and reprodudng optical information as daimed in daims 14ttirough 17. wherein ttie opti- 
cal recording medium has a groove portion and a land portion, and ttie optical information is recorded in botti of ttie 
groove portion and ttie land portion, and ttie average total widtti off ttie groove portion and ttie land portion In ttie 
direction normal to ttie groove portion Is 1 .40 jim or less. 
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